respectively) than in the winter samples (3.06 fmol adducts/pg albumin (SEM 0.187) and 3.04 fmol adducts/Ig albumin (SEM 0.184), respectively) even though the air measurements showed higher concentrations of PAHs in the winter. The statistical analysis did not show any effects of air exposures on concentrations of BPDE-albumin adduct. Conclusions-A multiple regression analysis of the measured concentrations of BPDE-albumin adducts for all the groups, during both seasons, indicates that occupational exposures do not contribute significantly to the formation of adducts. In general, the concentrations of albumin adducts found vary within relatively small limits for the two seasons and between the various groups of participants. No extreme differences were found. (Occup Environ Med 1997;54:662-666) 
(SEM 0.124)). The mean concentration of BPDE-albumin adduct in plasma ofboth the occupational and the environmental groups were significantly higher in the summer samples (4.34 fnol adducts/pg albumin (SEM 0.335) and 4.55 fmnol adducts/pg albumin (SEM 0.296), respectively) than in the winter samples (3.06 fmol adducts/pg albumin (SEM 0.187) and 3.04 fmol adducts/Ig albumin (SEM 0.184), respectively) even though the air measurements showed higher concentrations of PAHs in the winter. The statistical analysis did not show any effects of air exposures on concentrations of BPDE-albumin adduct. Conclusions-A multiple regression analysis of the measured concentrations of BPDE-albumin adducts for all the groups, during both seasons, indicates that occupational exposures do not contribute significantly to the formation of adducts. In general, the concentrations of albumin adducts found vary within relatively small limits for the two seasons and between the various groups of participants. No extreme differences were found. populations." '6 The primary aim of the study was to identify the relevance of using BPDE-albumin adducts as a measure of air exposure to PAHs. The concentration of BPDE-albumin adduct, measured in plasma by enzyme linked immunosorbent assay (ELISA), of occupationally and environmentally exposed people living in Silesia were compared with concentrations of adduct measured in a control group selected from a rural non-industralised area of Poland. Breathing zone air measurements of PAHs were collected from some of the exposed groups.'7 The general notion is that air concentrations of PAHs influence the concentration of DNA adducts in exposed people and this may also apply to albumin adducts." 18 The secondary aim of the study was to investigate any seasonal effects on the concentration of BPDE-albumin adducts. Recent data on DNA adducts in lymphocytes of people Benzo (a)pyrene-albumin adducts in humans exposed to polycyclic aromatic hydrocarbons 
Materials and methods

STUDY SUBJECTS AND SAMPLE COLLECTION
The subjects were male workers from three coke oven plants in the Silesian area and environmentally exposed people living in close vicinity to the plants. The (September 1992) . Rural control blood samples were collected only in the summer of 1993. If exposures to airborne PAHs from general heating affected the concentrations of albumin adduct it would be expected that adduct concentrations in the summer would be lower than in the winter and therefore be a better control group if there was only the option of sampling once. Table 1 shows the characteristics of the study groups.
ANALYSIS OF BENZO(a)PYRENE-ALBUMIN ADDUCTS IN PLASMA
Globulins were precipitated from plasma with saturated ammonium sulphate. After removal by centrifugation, albumin was precipitated by acidification of the supernatant with acetic acid and redissolved in Tris-EDTA buffer (10 mM Tris/1.0 mM EDTA, pH 8.0).'3 The concentration of albumin was measured by the Lowry assay2 before acid hydrolysis. The digest was applied to a prewet C1 8-Sep-Pak cartridge (Waters, Milford, ML). The cartridge was washed with 5% methanol (5 ml) to remove small peptides and amino acids. The PAH metabolites were eluted with 80% methanol (5 ml), evaporated to 1 ml in a vacuum, and assayed directly with competitive ELISA with monoclonal antibody 8E11 as described elsewhere.' 2 23 Briefly, microtitre plates were coated with BPDE modified calf thymus DNA in phosphate buffered saline (PBS) by drying. The plates were washed with PBS-Tween and then incubated with 2% fetal calf serum in PBS. A standard curve was made of serial dilutions of benzo(a)pyrene tetrols from 0.2-220 nM (50 il each) and mixed with 50 jtl antibody 8E1 1 (diluted 1:20 000), before addition to the wells. After incubation overnight at 4VC and washing of the plates, 100 iil goat anti-mouse IgG conjugated with alkaline phosphatase (diluted 1:750) was added and incubated for 1.5 hours. Finally, 100 .t p-nitrophenyl phosphate in 1 to minimise the effect of static electricity. The filters were extracted with cyclohexane after addition of internal standards as described elsewhere. 17 
STATISTICAL METHODS OF ANALYSIS
The statistical analysis of the data set was performed with multiple regression analysis (SPSS, Student version). Due to the limitations in data collection four different multiple regression models were applied to answer the aims of the study. Due to the low number of participants in each subgroup the study has not enough power to analyse effects within and between these subgroups of workers and environmentally exposed people. The statistical analysis was performed on the combined groups of workers and the combined groups of environmentally exposed people except in one case (model 4). To analyse any differences between the concentrations of BPDE-albumin adduct in the three groups, only the data for the summer season had all the information needed. The two exposed groups (workers and environmental groups) were combined and compared with the rural control group. This subset of the data was adjusted for any confounding effects of smoking and age. Table 2 shows the final regression model 1.
The effect of season (and group) on the level of BPDE-albumin adduct could only be tested on the two exposed groups as the rural controls only were sampled during one season. The subset of the data was adjusted for any confounding effects of smoking and age. The effect of air exposures (PAHs and benzo(a)pyrene), and season on the concentrations of BPDE-albumin adduct were analysed for the occupationally exposed group as just one of the environmental subgroups had air measurements for both seasons. The data set was adjusted for any confounding effects of smoking and age. The last analysis focused on the effect of air measurements (PAHs and benzo(a)pyrene) , and group on the concentration of BPDEalbumin adduct in the environmental subgroup of Gliwice and the occupational group working in plant D for the two seasons. The subset of the data was adjusted for any confounding effects of smoking and age. Table 3 shows the mean concentrations of BPDE-albumin adducts in plasma collected during summer and winter seasons of coke oven plant workers, environmentally exposed people (living in the vicinity of the plants), and rural controls (from Biala Podlaska).
The mean concentration of BPDE-albumin adducts of the rural controls was 1.72 fmol adducts/,g albumin lower than for the other two groups for the summer season having controlled for smoking status (P<O.OO1, table 2 model 1). The environmental groups had concentrations of BPDE-albumin adducts similar to those of coke oven plant workers in both the summer and the winter season. However, season had a significant effect on the mean concentration ofBPDE-albumin adducts (1.44 fmol adducts /4g albumin higher in the summer samples than in the winter samples after controlling for age (P<O.O01, table 2, model 2)).
Air measurements of PAHs and benzo(a)pyrene presented in this study have previously been published by 0vreb0 et al (table 4) .'7 The data have been used in this study for comparing the air concentrations of PAHs and benzo(a)pyrene with the concentrations of BPDEalbumin adducts of the occupationally exposed groups for the two seasons. The statistical analysis did not show any effects of air exposures on the concentrations of BPDEalbumin adducts. Although the air concentrations of PAHs and benzo(a)pyrene were much higher in the winter season; the concentrations of adducts showed the opposite effect with lower concentrations in the winter. The only significant effect found in the analysis was for season. The concentrations of BPDE-albumin adduct for the occupationally exposed groups were on average 1.34 fmol adducts /jg albumin higher in the summer samples than in the winter samples after controlling for age (P<O.001, table 2 model 3). A seasonal effect only was found when analysing effects of air measurements of PAHs and benzo(a)pyrene on the concentrations of BPDE-albumin adducts in the environmental subgroup of Gliwice and the occupational group working on the plant in this area for the two seasons. The mean concentration of BPDE-albumin adducts was 1.09 fmol adducts /4g albumin higher in the summer than in the winter samples (P<0.02, table 2 model 4).
The background concentrations of albumin adducts in the rural controls are relatively high and it is suspected that they cannot be explained by the air measurements alone as stationary monitoring of environmental air in Biala Podlaska, September 1993 was only 20.4 ng/m3 benzo(a)pyrene. '7 In general, the concentrations of BPDEalbumin adducts found vary within relatively small limits for the two seasons and between the various groups of participants. No extreme differences were found.
Discussion
In this study environmental controls and coke oven plant workers had similar concentrations of BPDE-albumin adducts whereas the rural controls had significantly lower concentrations. Although the rural control samples were collected a year later than the samples from the exposed groups this would not be expected to be of any importance to the study as the concentrations only reflect relatively short term exposures related to the half life of albumin. Our results from the linear regression analysis show that the concentrations of albumin adduct are not influenced significantly by air concentrations of PAHs. The measured air concentrations of PAHs were higher in the winter than in the summer with a wide range in exposures between the different people participating in the study. The measurements were based on one sampling of each person on one particular day (mean six to eight hours (20-25 days) . The lymphocytes are thought to have an active DNA repair system.'9 The kinetics of albumin adducts are linear whereas lymphocytes may have dose dependent non-linear kinetics as well as cell turnover. The decrease in concentrations of DNA adduct of lymphocytes indicate that they have an active DNA repair with a half life of one to two months which is only slightly longer than for albumin.'9 Therefore, other sources of exposure may contribute to the concentration of albumin adducts in these people especially during summer. The PAHs in the environment may contaminate locally grown vegetables and fruits. 27 28 The inhabitants of Silesia tend to supplement their diet with locally grown produce during the summer season and this may contribute to the higher concentrations of albumin adducts found in the summer. In the general population, the oral intake of PAH may be higher than the inhaled.28 29 The effects of PAH ingested in the diet on concentrations of DNA adducts in lymphocytes are not well known.26 Some studies have shown an increased concentration of DNA adducts in humans after ingestion of charcoal broiled meat but the data are limited. 29 As albumin is synthesised in the hepatocytes where microsomal oxidation takes place highly reactive electrophiles may react with albumin. Perhaps PAH through diet may contribute more than airborne PAH to the concentration ofprotein adducts than to that of lymphocytic DNA adducts.' 1 In summary, albumin adducts as a biomarker of exposure may be a sensitive end point measure for PAHs when various routes of absorption contribute to the total body burden.
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